In this study, the spatiotemporal behavior of vegetation cover in the Kurdistan province of Iran was analyzed for the first time by TIMESAT and Breaks for Additive Season and Trend (BFAST) algorithms. They were applied on Normalized Vegetation Index (NDVI) time series from 2000 to 2016 derived from Moderate Resolution Imaging Spectroradiometer (MODIS) observations. The TIMESAT software package was used to estimate the seasonal parameters of NDVI and their relation to land covers. BFAST was applied for identifying abrupt changes (breakpoints) of NDVI and their magnitudes. The results from TIMESAT and BFAST were first reported separately, and then interpreted together. TMESAT outcomes showed that the lowest and highest amplitudes of NDVI during the whole time period happened in 2008 and 2010. The spatial distribution of the number of breakpoints showed different behaviors in the west and east of the study area, and the breakpoint frequency confirmed the extreme NDVI amplitudes in 2008 and 2010 found by TIMESAT. For the first time in Iran, a correlation analysis between accumulated precipitations and maximum NDVIs (from one to seven months before the NDVI maximum) was conducted. The results showed that precipitation one month before had a higher correlation with the maximum NDVIs in the region. Overall, the results describe the NDVI behavior in terms of greenness, lifetime, abrupt changes for the different land covers, and across the years, suggesting how the northwest and west of the study area can be more susceptible to drought conditions. The time series of NDVI can be used for change detection in vegetation health and growth, especially in semi-arid regions [13] [14] [15] [16] . The NDVI time series can be investigated from two perspectives: (1) annual or seasonal parameters and their longtime trends, and (2) abrupt changes between consecutive years.
Introduction
Vegetation cover has a crucial role in the climate and ecosystem of the Earth. It is an important factor in the surface energy budget and soil moisture variability [1] . Several climate research projects focused on the quantification of vegetation cover to study the emergence of drought [2] [3] [4] [5] . Also, the relation of dust storms with vegetation cover has been the subject of several studies [4, 6, 7] . The emergence of drought and massive dust storms in the Middle East needs special attention, as does the study of vegetation cover. Longtime trends of vegetation variation measurements can yield suitable information regarding land surface cover changes. Satellite observations can provide long-term data on vegetation presence and temporal trends. The Normalized Vegetation Index (NDVI) derived from satellites has been used as an essential vegetation index for studying climate change since the early 1980s [4, [8] [9] [10] [11] [12] . that the maximum of annual precipitation happens in the western part of this province (706 mm), and the minimum of annual precipitation happens in the eastern parts (368.7 mm) [50] . Also, the mean of annual precipitation (from 2000 to 2016), which was extracted by monthly precipitation estimates of the Climate Hazards Group InfraRed Precipitation with Station data (CHIRPS), showed higher accumulated precipitation in the western part in contrast with the eastern part ( Figure 1A ). Based on an ASTER Digital Elevation Model (DEM) with 30-m pixel size [51] , the elevation of this region is between 697-3199 m ( Figure 1B) . The western part has higher elevation in comparison with the eastern part. Figure 1C shows the mean of the annual maximum NDVIs from 2000 to 2016. It indicates a similar pattern regarding precipitation; the western part of the study area is greener than the eastern part. The Kurdistan province of Iran is located in the west of Iran, and is divided in eight counties, as shown in Figure 1A . It is regarded as a mountainous and semi-arid region [49] . Rain gauge data showed that the maximum of annual precipitation happens in the western part of this province (706 mm), and the minimum of annual precipitation happens in the eastern parts (368.7 mm) [50] . Also, the mean of annual precipitation (from 2000 to 2016), which was extracted by monthly precipitation estimates of the Climate Hazards Group InfraRed Precipitation with Station data (CHIRPS), showed higher accumulated precipitation in the western part in contrast with the eastern part ( Figure 1A ). Based on an ASTER Digital Elevation Model (DEM) with 30-m pixel size [51] , the elevation of this region is between 697-3199 m ( Figure 1B) . The western part has higher elevation in comparison with the eastern part. Figure 1C shows the mean of the annual maximum NDVIs from 2000 to 2016. It indicates a similar pattern regarding precipitation; the western part of the study area is greener than the eastern part. 
Dataset

MODIS NDVI
The Moderate Resolution Imaging Spectroradiometer (MODIS) NDVI 16-day level 3 product (MOD13Q1, collection-6) from the Terra platform with 1-km spatial resolution was downloaded from the MODIS website [52] . In this product, geometrical corrections were made, and the cloudy pixels were removed. The pixels flagged with high quality were used for the analysis [53] . A total of 388 products from 5 March 2000 to 18 December 2016 was used for time-series modeling in TIMESAT and BFAST. In 2000, 20 NDVI products were used, and for each of the other years, 23 NDVI maps were applied, covering all the months of a year. 
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MODIS NDVI
The Moderate Resolution Imaging Spectroradiometer (MODIS) NDVI 16-day level 3 product (MOD13Q1, collection-6) from the Terra platform with 1-km spatial resolution was downloaded from the MODIS website [52] . In this product, geometrical corrections were made, and the cloudy pixels were removed. The pixels flagged with high quality were used for the analysis [53] . A total of 388 products from 5 March 2000 to 18 December 2016 was used for time-series modeling in TIMESAT and BFAST. In 2000, 20 NDVI products were used, and for each of the other years, 23 NDVI maps were applied, covering all the months of a year.
Land Cover Map
European Space Agency Climate Change Initiative-Land Cover (ESA CCI-LC) products in 2015 with 300-m spatial resolution were utilized for this study. The typology of land covers is based on Remote Sens. 2019, 11, 1723 4 of 18 the United Nation Food and Agriculture Organization (FAO). The accuracy of these classes were reported in [54] : cropland-rainfed and herbaceous lands (92%), mosaic cropland (71%), mosaic natural vegetation (39%), shrubland (62%), grassland (46%), sparse vegetation (31%), bare area (88%), and water body (96%). The land cover was clipped based on the study area, which included eight types of land cover, excluding water types ( Figure 2 ). The percent of different land covers is shown in the legend. Most of the study area is covered by the cropland (rainfed) and herbaceous categories. Comparing the annual ESA CCI-LC maps, the land cover areas from 2000 to 2015 changed less than 3%.
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CHIRPS Data
Since dense rain gauge data were not available in the study area (nine weather stations), the monthly precipitation rates of CHIRPS (3B43) [55] from 2000 to 2016 were used to infer the correlation between the spatiotemporal NDVI behavior and precipitation. The monthly accumulated precipitation of CHIRPS integrates three data sources: the global precipitation climatology of the Climate Hazard group Precipitation climatology (CHPclim), precipitations estimated by the TIR bands of satellites, and ground stations. This product has a spatial resolution of 0.05°, and it covers latitudes of 50° S to 50°N. The results from some research studies such as [56] [57] [58] [59] [60] indicated that this product had good agreement with ground station data. Also, based on the results from [61] , the average correlation with ground stations in Iran during the spring, summer, autumn, and winter were 0.61, 0.559, 0.585, and 0.453, respectively. The CHIRPS data were downloaded from ftp://ftp.chg.ucsb.edu/pub/org/chg/products/CHIRPS-2.0/global_monthly/tifs/.
Methodology
To provide a comprehensive analysis of the vegetation dynamics in the Kurdistan province, the following investigations will be carried out:
1. TIMESAT [62] will be used to analyze the NDVI longtime trends, i.e., the temporal characteristics of the seasonal parameters and their relation to land covers. 2. The NDVI abrupt changes (breakpoints) across the years will be analyzed by BFAST [31] to find out their number and magnitude, and their relation with the findings of 1.
Figure 2.
Land-cover map in 2015 with eight classes and their coverage percentage [54] in the Kurdistan province. Shrubland and grassland refer to "natural" classes.
CHIRPS Data
Since dense rain gauge data were not available in the study area (nine weather stations), the monthly precipitation rates of CHIRPS (3B43) [55] from 2000 to 2016 were used to infer the correlation between the spatiotemporal NDVI behavior and precipitation. The monthly accumulated precipitation of CHIRPS integrates three data sources: the global precipitation climatology of the Climate Hazard group Precipitation climatology (CHPclim), precipitations estimated by the TIR bands of satellites, and ground stations. This product has a spatial resolution of 0.05 • , and it covers latitudes of 50 • S to 50 • N. The results from some research studies such as [56] [57] [58] [59] [60] indicated that this product had good agreement with ground station data. Also, based on the results from [61] , the average correlation with ground stations in Iran during the spring, summer, autumn, and winter were 0.61, 0.559, 0.585, and 0.453, respectively. The CHIRPS data were downloaded from ftp://ftp.chg.ucsb.edu/pub/org/chg/products/ CHIRPS-2.0/global_monthly/tifs/.
Methodology
1.
TIMESAT [62] will be used to analyze the NDVI longtime trends, i.e., the temporal characteristics of the seasonal parameters and their relation to land covers.
2.
The NDVI abrupt changes (breakpoints) across the years will be analyzed by BFAST [31] to find out their number and magnitude, and their relation with the findings of 1.
3.
In order to investigate the influence of precipitation on NDVI dynamics, CHIRPS data will be related to the above NDVI results obtained by TIMESAT and BFAST. To this aim, a correlation study with monthly accumulated precipitation and maps reporting the Standardized Precipitation Index (SPI) [63] will be shown. For the whole area, 46.673 NDVI pixels with 1-km spatial resolution were processed from 2000 to 2016; NDVI pixels with good quality (0 flag value) were chosen for analysis.
TIMESAT
TIMESAT is an algorithm that is used for analyzing and adapting mathematical modeling on satellite time series observations [22] . TIMESAT estimates the following seasonal parameters: the start of season, the end of season, the length of season, the base value, the middle of season, the maximum value, the amplitude, the small integrated, and the large integrated ( Figure 3 ). Therefore, it provides an analysis of the global trend for all the seasonal parameters. The extraction of seasonal parameters has three steps. At first, the number of seasons and their approximate times were estimated; after that, a smoothing function was fitted, and then parameters were extracted. TIMESAT has three methods for smoothing: double logistic, asymmetric Gaussian, and Savitzky-Golay filtering. The Savitzky-Golay method was chosen since it can model local variations better; it tightens the search window iteratively for modeling rapid increases and decreases in the NDVI data, which makes it more useful for analysis in semi-arid areas [22] . Savitzky-Golay filters the noises through a quadratic polynomial. The coefficients of the equation are calculated by weighted least square.
3. In order to investigate the influence of precipitation on NDVI dynamics, CHIRPS data will be related to the above NDVI results obtained by TIMESAT and BFAST. To this aim, a correlation study with monthly accumulated precipitation and maps reporting the Standardized Precipitation Index (SPI) [63] will be shown.
For the whole area, 46.673 NDVI pixels with 1-km spatial resolution were processed from 2000 to 2016; NDVI pixels with good quality (0 flag value) were chosen for analysis.
TIMESAT is an algorithm that is used for analyzing and adapting mathematical modeling on satellite time series observations [22] . TIMESAT estimates the following seasonal parameters: the start of season, the end of season, the length of season, the base value, the middle of season, the maximum value, the amplitude, the small integrated, and the large integrated ( Figure 3 ). Therefore, it provides an analysis of the global trend for all the seasonal parameters. The extraction of seasonal parameters has three steps. At first, the number of seasons and their approximate times were estimated; after that, a smoothing function was fitted, and then parameters were extracted. TIMESAT has three methods for smoothing: double logistic, asymmetric Gaussian, and Savitzky-Golay filtering. The Savitzky-Golay method was chosen since it can model local variations better; it tightens the search window iteratively for modeling rapid increases and decreases in the NDVI data, which makes it more useful for analysis in semi-arid areas [22] . Savitzky-Golay filters the noises through a quadratic polynomial. The coefficients of the equation are calculated by weighted least square. 
BFAST
While TIMESAT focuses on the analysis of the NDVI global trend of the seasonal parameters, BFAST extracts the number of breakpoints and their magnitudes in the NDVI time series. Breakpoints can be detected in any part of the seasonal component, but BFAST can only detect a trend on a local scale. The BFAST algorithm estimates the breakpoint position on a time series by decomposing the data to three components (trend, seasonality, and remainder) [31] :
where is the local linear trend, the seasonality, the remainder, and "m" is the number of breakpoints. The trend component ( ) is defined by multiple linear functions between consequent times i − 1 and i. 
where T i is the local linear trend, S i the seasonality, e i the remainder, and "m" is the number of breakpoints. The trend component (T i ) is defined by multiple linear functions between consequent times i − 1 and i.
where breakpoint "t" is time duration between two breakpoints. The coefficients of a i and b i are the slope and intercept. The magnitude of breakpoints is derived from the difference between T i−1 and T i . One of the critical input parameters to run the algorithm is "h", which defines the minimum period between breakpoints. Based on previous studies [35, 40, [63] [64] [65] , the optimal "h" was considered 1/6, which means a minimum distance of two years between breakpoints (46 MODIS NDVI observations during two years).
Results
As highlighted previously, the result flow starts with the TIMESAT modeling outcomes in time and space (Section 4.1). Specifically, in Section 4.1.1, the annual behavior of the modeled amplitudes is analyzed. Then, greenness and seasonality (lifetime) of the different land covers (Section 4.1.2), as well as their variability across the years (Section 4.1.3), will be inferred from TIMESAT. However, NDVI abrupt changes related to the disruptions of biophysical and climatic factors [35, 39] cannot be detected by the TIMESAT modeling of global trends, but can be extracted and analyzed by using BFAST (Section 4.2). Lastly, the outcomes of the NDVI modeling with both TIMESAT and BFAST will help to investigate the relation between precipitation and NDVI (Section 4.3).
TIMESAT Modeling Results
Analysis of NDVI Amplitudes Extracted from TIMESAT
TIMESAT was run to extract seasonal parameters, where the term "seasonal" refers to the annual cycle of NDVI. As an example of the outcomes of TIMESAT, Figure 4A The analysis of NDVI amplitudes ( Figure 4B ) in the region showed that the highest and lowest amplitudes were in 2010 and 2008. Therefore, the years 2010 and 2008 were identified as two extreme cases of NDVI variations in the region for the whole period. To identify the range and spatial distribution of changes in these years, the maximum and base values of NDVI estimated from TIMESAT (cfr. Figure 3) were selected. Then, they were subtracted from their means computed for the whole time series (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) (2016) . Figure 5A In Figure 4B , the amplitudes of NDVI values for pixels were sorted for each year and shown. The range of amplitudes in the study area for the whole time series was between 0.0000-0.7357. The lowest amplitudes were in 2008, and the highest amplitudes were in 2010. In other years, the Remote Sens. 2019, 11, 1723 7 of 18 amplitudes had similar values, even though the curves are not always superimposed, suggesting different behaviors among years.
The analysis of NDVI amplitudes ( Figure 4B ) in the region showed that the highest and lowest amplitudes were in 2010 and 2008. Therefore, the years 2010 and 2008 were identified as two extreme cases of NDVI variations in the region for the whole period. To identify the range and spatial distribution of changes in these years, the maximum and base values of NDVI estimated from TIMESAT (cfr. Figure 3 ) were selected. Then, they were subtracted from their means computed for the whole time series (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) (2016) . Figure 5A Figure 6 shows the sorted error bar plots (based on mean values) of maximum value, base value, day of year (DOY), middle of season, DOY start of season, DOY end of season, and length of season. In Figure 6A , mosaic cropland and bare land have the highest and the lowest mean of maximum values, respectively. The range of maximum values for all the land covers varies between 0.237-0.54. In Figure 6B , which shows base values, the order of land covers is as same as that in Figure 6A . The range of base values is between 0.114-0.223. In Figure 6C , the DOY of the middle of the season is shown. The mean DOY of the middle of the season is the latest in bare land and the earliest in mosaic cropland. The range for the DOY of the middle of the season varies between 147-194.5. In Figure 6D (DOY start of season), bare land has the latest DOY for the middle of the season, and mosaic cropland has the earliest. The order of land covers in this figure differs from DOY of the middle of the season. The range of the DOY for the start of the season is from 97 to 162.5. In Figure 6E , the DOY of the end of season is shown; bare land has the latest, and herbaceous has the earliest. The range of the DOY for the end of the season varies from 185.1 to 232.3. In Figure 6F , the length of season is shown for different land covers. Mosaic natural vegetation has the longest mean, and bare land has the shortest mean. The range of length of season for all the land covers is between 51.7-110.1. In Figure 5A , the difference between maximum values and MMV varied between −0.296 and 0.126 in the study area. In the northwestern (Saqqez and Baneh) and western (west of Marivan) areas, the differences were lower in contrast with other parts; this shows that these areas had lower maximum values than the MMV. In other parts, the differences were almost near zero. In Figure 5B , the difference between the maximum values and MMV varied between −0.054 and 0.247 in the study area. Most of the study area experienced positive differences. Figure 5C 
TIMESAT Parameters and Land Covers
The differences between base values and MBV were almost zero for both years (Figure 5C ,D). This indicates that the effects of the variations are mainly present in the maximum values. In Figure 6A , mosaic cropland and bare land have the highest and the lowest mean of maximum values, respectively. The range of maximum values for all the land covers varies between 0.237-0.54.
In Figure 6B , which shows base values, the order of land covers is as same as that in Figure 6A . The range of base values is between 0.114-0.223. In Figure 6C , the DOY of the middle of the season is shown. The mean DOY of the middle of the season is the latest in bare land and the earliest in mosaic cropland. The range for the DOY of the middle of the season varies between 147-194.5. In Figure 6D (DOY start of season), bare land has the latest DOY for the middle of the season, and mosaic cropland has the earliest. The order of land covers in this figure differs from DOY of the middle of the season. The range of the DOY for the start of the season is from 97 to 162.5. In Figure 6E , the DOY of the end of season is shown; bare land has the latest, and herbaceous has the earliest. The range of the DOY for the end of the season varies from 185.1 to 232.3. In Figure 6F , the length of season is shown for different land covers. Mosaic natural vegetation has the longest mean, and bare land has the shortest mean. The range of length of season for all the land covers is between 51.7-110.1. 
Annual Analysis of TIMESAT Parameters
The global trend of the NDVI seasonal parameters extracted from TIMESAT was also analyzed annually. Figure 7 shows the variations of maximum, base values, DOY of the middle of the season, and the length of the season in each year. Considering the boxplots and medians in Figure 7A , a gradual increase can be observed from 2001 to 2004. In 2005, they slightly decreased, and in 2006 they increased. In 2008, an evident minimum was detected, and afterwards, both parameters increased with a peak in 2010. The range of maximum values in 2008 and 2010 were the lowest; shows that most of the pixels in the study area experienced a decrease and an increase in maximum values in 2008 and 2010. After 2010, slight oscillations (decrease/increase) can be recognized. In Figure 7B , almost the same pattern can be observed. After 2011, despite the increase in the base values, there was no significant increase in the maximum values ( Figure 7A ). In Figure 7C , the DOY of the middle of the season had a large variation over the whole period of time (from 137 to 197). The length of season (DOY), as shown in Figure 7D , also exhibited large variations (49 to 115.2). 
BFAST Modeling Results
From TIMESAT, describing the global trend of the NDVI seasonal parameters, it is not possible to extract the NDVI abrupt changes (breakpoints) related to climatic or biophysical disruptions. The number of breakpoints and their magnitudes in the NDVI time series can be extracted by BFAST. Therefore, the BFAST algorithm was run for the whole period and for all the NDVI pixels. In the first step, the number of breakpoints was extracted for each pixel across years, which was between 1-5 ( Figure 8A ). The spatial distribution of the number of breakpoints for each point was shown in Figure 8A : the figure highlights how the western region (Baneh, Saqqez, Sarvabad, Kamyaran, and the western part of Divandarreh) had more breakpoints in contrast with the eastern part (Bijar and Qhorveh). The percent of breakpoints in all the pixels, as extracted for each year, is reported in Figure 8B . The figure shows how the three highest percentages happened in 2010 (28.7%), 2007 (19.8%), and 2008 (11.5%). The lowest number of breakpoints happened in 2000 (seven breakpoints). In 2000, 2001, 2015, and 2016, the percent of breakpoints were lower than 1. The high frequency of breakpoints between 2-4 indicates that the selected "h" parameter was suitable for the study area.
The histogram of both positive and negative magnitudes (the value of increasing and decreasing NDVI local trends) of breakpoints for the entire period in all the sample points is shown in Figure 9A . The range of magnitude of breakpoints was between −0.14 and 0.12. The frequency of magnitudes near zero was the highest. In Figure 9B , the mean of number of breakpoints for each land cover is shown. The means are sorted from the highest to the lowest. The order of land covers from the highest to the lowest are mosaic natural vegetation, mosaic cropland, herbaceous, grassland, cropland (rainfed), shrubland, sparse vegetation, and bare land. The mean values vary between 2.5-3. 
The histogram of both positive and negative magnitudes (the value of increasing and decreasing NDVI local trends) of breakpoints for the entire period in all the sample points is shown in Figure 9A . The range of magnitude of breakpoints was between −0.14 and 0.12. The frequency of magnitudes near zero was the highest. In Figure 9B , the mean of number of breakpoints for each land cover is shown. The means are sorted from the highest to the lowest. The order of land covers from the highest to the lowest are mosaic natural vegetation, mosaic cropland, herbaceous, grassland, cropland (rainfed), shrubland, sparse vegetation, and bare land. The mean values vary between 2.5-3.
In Figure 10 , the mean and standard deviation (STD) of positive and negative breakpoint magnitudes are shown. In both plots, the magnitudes are sorted based on means. In Figure 10A , the mean of positive magnitudes varies between 0.028-0.030. Grassland and shrubland had the lowest and highest means, respectively. The highest STD was in mosaic cropland (0.022), and the lowest STD was in grassland (0.018). In Figure 10B , the grassland again had the lowest mean (−0.029) as an absolute value, and sparse vegetation (−0.032) had the highest means. The highest STD was that of herbaceous (0.024) and the lowest was that of grassland (0.020). In Figure 10 , the mean and standard deviation (STD) of positive and negative breakpoint magnitudes are shown. In both plots, the magnitudes are sorted based on means. In Figure 10A , the mean of positive magnitudes varies between 0.028-0.030. Grassland and shrubland had the lowest and highest means, respectively. The highest STD was in mosaic cropland (0.022), and the lowest STD was in grassland (0.018). In Figure 10B , the grassland again had the lowest mean (−0.029) as an absolute value, and sparse vegetation (−0.032) had the highest means. The highest STD was that of herbaceous (0.024) and the lowest was that of grassland (0.020). Figure 11 shows the spatial distribution of the maximum of the breakpoint magnitudes that happened in the study area for the entire period. In Figure 11A , the maximum positive magnitudes have higher values in the northwest and northeast. In the eastern and southeastern zones, the values of magnitudes were lower. In Figure 11B , in the northwest (Saqqez) and northeast, the negative values were higher (north and west of Bijar). In Figure 10 , the mean and standard deviation (STD) of positive and negative breakpoint magnitudes are shown. In both plots, the magnitudes are sorted based on means. In Figure 10A , the mean of positive magnitudes varies between 0.028-0.030. Grassland and shrubland had the lowest and highest means, respectively. The highest STD was in mosaic cropland (0.022), and the lowest STD was in grassland (0.018). In Figure 10B , the grassland again had the lowest mean (−0.029) as an absolute value, and sparse vegetation (−0.032) had the highest means. The highest STD was that of herbaceous (0.024) and the lowest was that of grassland (0.020). Figure 11 shows the spatial distribution of the maximum of the breakpoint magnitudes that happened in the study area for the entire period. In Figure 11A , the maximum positive magnitudes have higher values in the northwest and northeast. In the eastern and southeastern zones, the values of magnitudes were lower. In Figure 11B , in the northwest (Saqqez) and northeast, the negative values were higher (north and west of Bijar). Figure 11 shows the spatial distribution of the maximum of the breakpoint magnitudes that happened in the study area for the entire period. In Figure 11A , the maximum positive magnitudes have higher values in the northwest and northeast. In the eastern and southeastern zones, the values of magnitudes were lower. In Figure 11B , in the northwest (Saqqez) and northeast, the negative values were higher (north and west of Bijar). 
Relation between Precipitation and NDVI Changes
An investigation of the relation between precipitation and NDVI dynamics was performed, considering both maximum NDVI and NDVI breakpoints.
To investigate the influence of precipitation on maximum NDVI, the representative DOY of the maximum values of NDVI (i.e., DOY of middle of season, Figure 7C ) estimated by TIMESAT for the whole time series was chosen. The results showed that 50.67% of DOYs were smaller or equal than 175. Therefore, 175 (24 June) was chosen as the DOY of maximum value of NDVI for all the land covers. The correlation between the NDVI maximum values and the accumulated precipitations in the first to the seventh month (M1 to M7) before DOY 175 was calculated. Since CHIRPS pixels have a coarser spatial resolution (0.05 × 0.05°) than MODIS NDVI (1 km), the CHIRPS pixels were resampled to 1-km resolution with a nearest neighbor interpolation. Then, the correlations were computed in each pixel of the study area over the 16 years. In Figure 12A , these correlations from the first to the seventh month of accumulated precipitations were sorted and superimposed. The results 
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Discussion
In this study, the vegetation cover dynamics of the Kurdistan region of Iran were analyzed from 2000 to 2016. The NDVI trend of the seasonal parameters, the annual abrupt changes, and their relationship with precipitation were analyzed. The combined use of TIMESAT and BFAST for NDVI 
In this study, the vegetation cover dynamics of the Kurdistan region of Iran were analyzed from 2000 to 2016. The NDVI trend of the seasonal parameters, the annual abrupt changes, and their relationship with precipitation were analyzed. The combined use of TIMESAT and BFAST for NDVI time series analyses provides a more comprehensive investigation of the NDVI behavior from a phenological perspective. Such investigation (global trends of seasonal parameters and local breakpoint extraction) cannot be conducted by a simple analysis of the maximum NDVI trend. Studies of the behavior and dynamics of vegetation covers as precursors of drought and desertification in Middle East is crucial. It provides an insight of the land-cover status of a region affected by climate hazards.
Seasonal Parameters: Greenness and Lifetime
From the TIMESAT seasonal parameters of amplitude, maximum NDVI, DOY of start of season, DOY of end of season, and length of season were extracted for the whole time series. Therefore, greenness and the lifetime of the different land covers and their variation across years were pointed out. The results show that two years, 2008 and 2010, were the two extreme cases of NDVI decrease and increase, respectively, in the whole time series. This result obtained from the global trend analysis by TIMESAT is confirmed at a local scale by BFAST. In fact, the high percent of number of breakpoints in 2007 and 2008 can be related to the NDVI decrease condition in 2008. Instead, the highest percent of number of breakpoints in 2010 is representative of the NDVI increase in 2010.
In Section 4.1.1, the maximum NDVI values in 2008 and 2010 were subtracted from the mean of the maximum NDVI values computed on the whole time series. The spatial distribution of the negative differences between maximum NDVI and MMV in 2008 showed that only northwestern and western parts of the region experienced a clear decrease in NDVI; this is in line with the spatial distribution of the number of breakpoints in these parts of the study area. In 2010, the negative values were very close to zero, proving that most of the parts of the study area had a seasonal increase, especially in Sanandaj and Kamyaran. However, such a seasonal increase did not have a dominant pattern in the northwest and west of the region. This can indicate that these areas are more susceptible to effects that cause the season to shorten. Also, the comparison of the difference range between maximum NDVI values and base values showed that maximum values had higher variations in these years, confirming the pronounced NDVI decrease and increase for these two years.
The analysis of the maximum NDVI values and base values in relation to land covers showed a similar order of greenness: mosaic cropland, mosaic natural vegetation, shrubland, sparse vegetation, herbaceous, cropland (rainfed), grass land, and bare land. These outcomes are related to those of the BFAST analysis, where the highest number of breakpoints was found for mosaic natural vegetation and mosaic cropland, while the lowest number was found for bare land.
From the lifetime standpoint, the order of the DOY of the middle of the season is: bare land, grass land, sparse vegetation, cropland (rainfed) shrubland, mosaic natural vegetation, herbaceous, and mosaic cropland. The comparison of the order of greenness with the DOY of the middle of the season and DOY of the start of the season indicates that the dryer land covers had later increase times than the greener ones. Along with lagged seasonal behavior in dryer vegetation covers, they also had shorter lifetimes (length of season).
The annual behavior of the maximum and base of NDVI values showed decreasing and increasing fluctuations, especially in the extreme cases in 2008 and 2010. Their same pattern indicates that the variation in maximum and base of NDVI values happened almost simultaneously. Instead, the annual analysis of the DOY in the middle of the season and length of the season proved that these parameters are dynamic and more influenced by the interannual changes of the environmental conditions. They can be affected by the near surface and atmospheric variables.
Abrupt Changes in Vegetation Cover
The number of breakpoints determines the occurrences of abrupt changes, i.e., anomalous perturbations in a time series for any pixel in the study area. The breakpoint presence assigns significance to NDVI changes, highlighting large variations that are not attributable to previous periodic or linear trends within statistical certainty. It may be related to disruptions of biophysical and meteorological factors [35, 39] . For instance, in [39] , the positive peaks in the breakpoint density corresponded to time periods associated with rainfall that was generally higher than average, suggesting that the correlation of NDVI positive breakpoint peaks with precipitation. The authors also suggested how drought, flood, and wildfires were plausible mechanisms for negative breakpoints [40, 67, 68] .
The western and northwestern parts of the Kurdistan province exhibited the highest number (four and five) of breakpoints and the highest magnitudes during the whole time period: in other words, these areas are more prone to NDVI abrupt changes than other parts in the region. This can be related to the constituent land covers, precipitation accumulation, and probably to the occurrence of dust storms in the region [69] . Considering that cropland (rainfed) and herbaceous land covers as dominant land covers in the study area, the results suggest that herbaceous lands are slightly more susceptible to environmental changes than cropland (rainfed) land cover. The magnitudes of breakpoints varied between −0.14 and 0.12. The low variations of the magnitudes indicate zones and associated land covers that are less affected by biophysical and meteorological perturbations.
Vegetation Response to Precipitation
Concerning the spatial pattern of the precipitation, a clear similarity with the spatial distribution of the annual maximum NDVI is noticed (Figure 1) , with the western zone greener than the eastern part.
The influence of the precipitation on the maximum NDVI and the NDVI abrupt variations can be analyzed from different standpoints. Firstly, the behavior of the accumulated precipitations in the first to the seventh month before the representative DOY of the maximum NDVI was presented. The first month exhibited higher correlations with maximum NDVIs. The results proved that the latest precipitations were more effective in the increase of all the land covers in the study area. Such outcomes were in line with [47, 70, 71] , where it was found that the time lag was almost between 9-30 days for wet and dry conditions. The precipitation in the first month can be employed to justify the occurrence of frequent breakpoints. The monthly accumulated precipitations from 2007 to 2008 clearly decreased, whilst from 2008 to 2011, they increased. The SPI can also be used to justify the high number of breakpoints in 2007, 2008, and 2010. In particular, the year exhibiting a clear drought condition in terms of SPI (2008) is in line with the lowest amplitudes of NDVI found by TIMESAT and the high number of breakpoints extracted by BFAST.
It is important to note that the number of breakpoints extracted by BFAST depends on the input parameter "h" defining the minimum period between breakpoints. Therefore, it expected that the number of breakpoints can change before or after dry/wet conditions setting different "h" values. This point needs further investigations in future works.
Limitations and Future Works
The connection between the proposed statistical findings on NDVI time series with the changes of biophysical and meteorological factors should be deepened, especially with field studies. Air temperature, soil moisture, dust storm, topography, percentage of deciduous species, culture rotation, and irrigation practices are examples of further parameters to investigate and relate with breakpoints, greenness, and seasonality.
As a result, once the statistical results from satellite data and the physical meanings are better clarified and assessed by detailed field studies and extensive ground datasets, the proposed method will be a useful and practical tool to monitor the vegetation condition and land cover behavior, especially in regions with drought and desertification hazards.
Also, further research works with satellite data processed by BFAST and TIMESAT should be planned and carried out in the future over similar climate and land cover types. In recent studies [35] , the number of NDVI breakpoints and magnitudes were investigated in relation to land covers. Due to the different climate and land cover characteristics, it is not possible to compare the results and provide a general interpretation. Few studies [72] [73] [74] have considered the land-cover phenological parameters derived by TIMESAT, but the land cover types, the environmental conditions, and the goal of these studies were different with respect to our analysis.
Conclusions
The NDVI time series of MODIS from 2000 to 2016 were analyzed. By using two modeling methods (TIMESAT and BFAST), the dynamics and seasonal behavior of NDVI was analyzed. In the first step, the TIMESAT was used to obtain the global trend of the seasonal parameters; then, the breakpoints and their magnitudes were extracted, and the results from both methods were interpreted. Both methods showed that two extreme senescence and growing seasons happened in 2008 and 2010. In 2008, the northwest and west of Kurdistan were affected by drought condition mostly. The spatiotemporal behavior of land covers, breakpoints, and precipitation showed that the northwest and west regions are generally greener, and therefore more susceptible to drought conditions. Although different land covers have different behaviors regarding greenness, lifetime, and number of breakpoints, they did not show significant differences in magnitudes of abrupt changes. Also, the results pointed out that the accumulated precipitation in the first month before the middle of season can better describe the NDVI increase or decrease with respect to the other months. Although the results prove that precipitation is an important factor also influencing the NDVI abrupt change occurrences, future research studies should investigate the relation between different environmental factors and breakpoint magnitude. 
